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Baru darrowi gen. et sp. nov., is a common element in limestones of late Oligocene to late
Miocene age on Riversleigh Station in northwestern Queensland and at Bullock Creek in
the Northern Territory. Although Baru is a member of the Crocodylinae and appears to
have many features in common with certain early Tertiary crocodiles such as the North
American Brachyuranochampsa eversolei Zangeil, it also resembles sebecosuchian and
pristichampsine crocodiles in having ziphodont (serrated, laterally compressed) teeth
similar to those of flesh-eating dinosaurs. The Australian ziphodont crocodile Quinkana
fortirastrum Molnar, was previously considered to be closely related to the Pris-
tichampsinae on the basis of its cranial profile and highly developed ziphodonty. Quinkana
fortirostrum and Baru darrowi share characters not present in pristichampsine crocodiles
and they appear to be more closely related to one another than to any other ziphodont taxa.
Because Baru darrowi is clearly a member of the Crocodylinae, we propose that Quinkana
and Baru represent a new crocodyline ziphodont clade and that these two forms, together
with Pallimnarchus pollens, form a monophyletic endemic Australian radiation. [
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An unusually complete assemblage of fossil
crocodile material has been recovered from
fluviolacustrine sediments of middle to late
Miocene age at Bullock Creek in the Northern
Territory and late Oligocene to early Miocene
age on Riversleigh Station, Queensland. The
material provides clear evidence of a member of
the subfamily Crocodylinae possessing
ziphodont teeth. Previous finds of Australian
ziphodont crocodiles have not been complete
enough to determine their subfamilial affinity
with confidence (Hecht and Archer, 1977; Mol-
nar, 1981, 1982). The material described here is
referred to the new genus and species Baru dar-
rowi, a large crocodilian with many distinctive
features. Its broad, short snout, robust propor-
tions and deeply festooned jaws set it apart from
any living Crocodylus species. Its dentition con-
sists of posteriorly inclined, slightly recurved,
laterally compressed crowns of greatly varying
dimensions, bearing well-developed anterior
and posterior crests {carinae). In some Northern
Terntory specimens, these carinae are finely ser-
rated like the teeth of South American

sebecosuchian and Northern Hemisphere early
Tertiary pristichampsine crocodiles. Oddly, no
specimens of Baru from the Riversleigh deposits
have serrated carinae. Large, slightly com-
pressed carinate teeth with fine serrations are
also known from the Alcoota Local Fauna of the
Northern Territory (P.M., pers. obs.) and from
other middle to late Tertiary localities
throughout the interior of Australia. These have
been variously assigned to the genus Pallimnar-
chus (Molnar, 1982) or to unidentified sebeco-
suchians (Hecht and Archer, 1977). It can now
be demonstrated that at least some of the
ziphodont crocodile teeth found in Australia
belong to a crocodyline genus. The proposition
that pristichampsine and sebecosuchian
ziphodont crocodiles may have been present in
Australia is therefore re-examined.

Quinkana fortirostrum (Molnar, 1981), the
first Australian crocodile formally described as
a ziphodont, is known primarily from a snout.
Although sufficiently well represented to sug-
gesta closer affinity with Baru darrowi than with
Pristichampsus, its principle features are



dominuted by trophic specialisations. Because
crocodiliuns are otherwise structurally conserva-
tive, there are few character states suitable for a
cladistic cvaluation. We arc therefore confined
10 o few observations strongly supporting the
mor¢ parsimonious hypothesis that Australian
ziphodont crocodiles represent a mopaphyletic
racliation with Gondwana as its likely origin.

Interpretation of the polanity of churicter
states, and basic concepts of crocodilian
phylogeny used in this study, are based on Maol-
nar (1981), Benton and Clurk (1988) and
Langston (1973); nomeanclature follows Steel
(1973) :nd lordansky (1973). Prefixes used ta
indicate the source of specimens arc as follows:
NTM P, Northern Territory Museum, Palacon-
tological Collections; NTM R, Northern Ter-
ritory Muscum, Reptile Collections; QM F,
Queensland Museum, Fossil Coliections; SAM
P, South Australian Muscum, Palacontological
Collections,

Order CROCODILIA Gmelin, 1700
Suborder EUSUCHIA Huxley, 1875
Family CROCODYLIDAE Cuvier, 1807
Subfamily CROCODYLINAF Cuvicr, 1807

Baru darrowi gen. ct sp. nov.

GENQTYPIC SPECIES
Raru darrowi so. nov, (Fig, ta-c),

DIAGNOSIS

Species of Barn differ from ull other
crocodylines in the following combination of
features: Broad moderately decp snout contuin-
ing thirteen maxillary teeth; five premaxillary
teeth present in juveniles and lour in adults
owing to loss of the second tootb; premuxillary
and anterior six maxillary jecth direeted
posteriorly: tooth crowns modceratcly com-
pressed bucco-lingually with carinac on the
unterior and posterior margins: tooth crown and
socket dimensions highly differentiated along
both upper and lower tooth rows with cor-
respondingly wide, deep alveolar processes;,
conspicuous maxillury reception pils, cor-
responding to dentary tooth crow us, situated lin-
pual 1o the upper tooth row; anterior margin of
the palatal fenestrac extending to the level of the
seventh maxillary looth; anterior palatine
process absent, mandibulsr symphysis cxtends
pasteriorly to between the sixth and seventh
dentary teeth; splenial terminates anteriorly at
the level of the seventh dentary tooth and does

MEMOIRS OF THE QUEENSALND MUSEUM

not enter symphysis; internal nares with raised
rim; external nares terminal; distinctive bony
crest arches posteriorly from the maxillae and
jugals, extending to the quadratojugals.

ETyMoLoay

*Baru” is the Dreamtime Crocodile Man from
the Aboriginal mythological lore of Eustern
Arnhem Land (Groger-Wurm, 1973). The
specific name honours British actor Paul Dar-
row, best known Tor his role in the television
serics ‘Blake’s Seven', in recognition of his sup-
port of continuing palacontological investiga-
tions of the Riversleigh deposits.

SPECIFIC DIAGNOSIS

‘that of the genus until additional species are
known.

MATERIAL EXAMINED

Hororyre. NTM PH695-8, a nearly complete
cranium missing the skull raol (fromals, parietals,
postorbitals and squamosals) and basicranium
posterior 10 the orbils.

PAarRATYPES, From D-Site, Riversfeigh: NTM PR778-
{ 1-8, right posterior mandibte {ragment. right posterior
shall [Tegmeni preserving the laterat tempora) fenestra,
right pterygoid, eclopterygoid and posterior region of
the maxilta; NTM PS681-14, lefl mandible tacking the
articular and adjucen! angular and surangular posterior
to the lateral foramen and a small portion of Lhe dentary
at the Jevelof the third tooth; NTM P8738-1, right jugal.
plerygoid, eclopterygoid and posterior maxitla and an
associated dentary fragment; QM F16822, premaxilla
and anteriar postion of lelt maxitla retaining lourteen
teeth; trom Pancake Sile, Riversleigh: SAM P27866,
right premaxilia; from Blast Site, Bultock Creek. NTM
PR7103-11, left squamosal, quadrate and opisthotic
{juvenile). '

REFERRED SPECIMENS. From D-Site. Riversleigh:
QM FLGR23, jugat fragment; QM F16824, premaxil-
tary fragments; QM F16823, right dentury; OM
F16826, right dentary; From Site Y, Bullock Creek,
NTM PS7105-1, right mandible fragments, From
Blasi Site, Bullock Creek, NTM P87103-12, juvenile
right maxitlay NTM P8697-2, right jugal.

TYPE LocaLITY.

Blast Site, Camflicld Beds, located ‘16 miles
southcast of Camficld Homestead in north
central Northern Terrilory’ (Planc and
Gatchousc, 1968).

AGE
Late Oligocene to mid Miocene,
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TABLE 2. Classification of snout proportions.
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A. SNouT DePTH (H/W)

B. SNouT BREADTH (W/LY*

Low x<0.5
Moderately deep, 0.5s x<1.0
Deep xz1.0

Broad xz 0.66
Moderately Narrow 0.66> x>0.33
Narrow xs<0.33

* Molnar (1981,p.817) states that this ratio is L/W. This contradicts discussion of snout width ratios elsewhere
in that paper. Molnar (pers. comm.) reveals that this ratio was intended to be W/L (not L/W). Classification
of values for snout depth and snout breadth ratios according to Molnar (1981,p.817).

portion of the jugal and quadratojugal indicates
that the lateral temporal fenestra was both longer
and wider than in any living crocodyline species.

In dorsal aspect, the posterior of the cranium
is about one-third broader than a C. porosus of
equivalent length and the anterior is broader by
a quarter. The premaxillae are wider relative to
their length than in the Saltwater Crocodile and
the narial aperture is shorter and broader. It ex-
tends to the anterior margin of the premaxillae.
Reception sockets for the first dentary tecth do
not breach the outer surface of the snout as in C.
porosus.

Sutural relations on the dorsal surface of the
cranium are essentially like those of C. porosus
(Fig. 2). Well-developed dorsal processes of the
premaxillae project posteriorly alongside the
nasals. The premaxillae join in the midline
anterior to the nasals, excluding them from the
external nares. The paired nasals are elliptical in
shape and slightly expanded posteriorly, shorter
and less wedge-like than in C. porosus. The
maxillae arc greatly expanded laterally into
decp. steep-sided lobes, which flatten out
posteriorly before expanding outwards again at
the base of the jugals.

In the large mature specimen, the sutural pat-
tern of the upper facial region is party obscured
by age-related fusion and elaborate bony or-
namentation. The basic pattern is like that of
Crocodylus spp. The lachrymal extends anterior-
ly to meet the nasal bone, so excluding the
prefrontal from contacting the maxilla. The
prefrontal forms the anteromedial orbital mar-
gin. The posteromedial half of the orbit is formed
by the orbital process of the frontal (Fig. 2). The
position of the orbits, their shape and the mor-
phology of the interorbital area are essentially
the same as in C. porosus. The shape of the orbits
of Baru differ from those of C. porosus only in
being slightly longer, wider posteriorly and also
more pointed anteriorly (Fig. 1B). The quad-
ratojugals and jugals form a wide shelf bounding
the comparatively large, triangular lateral tem-

poral fenestra (approximately 52.0mm wide by
86.0mm long in NTM P8778-4). This opening is
about twice the length of that of a C. porosus of
equivalent size. A portion of the superior tem-
poral fenestra is also preserved on that fragment
and on a fragment of the skull roof of a much
smaller individual, NTM P87103-11. These in-
dicate that the proportions of the superior tem-
poral fenestrae were similar to those of C.
porosus. The auditory meatus is more anteriorly
placed in Baru than it is in C. porosus. The
portion of squamosal preserved on NTM
P87103-11 indicates that the skull roof of Baru
was flat and wider posteriorly thanin C, porosus.

The ventral surface of the cranium is
dominated by the broad, flat maxillary palate
with its wide alveolar processes and by the large
triangular, anteriorly located palatal fenestrae
(Fig. 1C). The premaxillae are penetrated by a
large, oval incisive foramen recessed within a
deep fossa, the anterior portion of which is con-
fluent with a pair of reception pits for the first
dentary teeth, In combination with the wide,
deep alveolar process containing four large tooth
sockets on each side, the premaxillary palate is
distinctly vaulted in contrast to the relatively flat
premaxillary palate of C. porosus. The maxillary
palate is broad and short and is elevated above
the alveolar margins. A row of small nutrient
foramina clearly define the maxillary palate. The
maxillary alveolar process is greatly expanded to
accommodate the enlarged fourth and fifth max-
illary caniniform teeth. Like Caiman and Os-
teolaemus, Baru darrowi has fewer maxillary
tecth than C. porosus and the size range of the
tooth sockets and their corresponding teeth is
greater than in any living crocodile. Baru
specimens have a consistent number of thirteen
maxillary teeth, as in the broad-snouted caimans.
The moderate lateral compression of the tooth
crowns of Baru is not clearly reflected in the
shape of the alveoli which are predominantly
round (Figs 1C,2,5A). The anterior maxillary
teeth are posteriorly directed. The genus also
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ANEW LARGE BROAD-SNOUTFD CROCODYLINE

diftees from Crocodvius inthat the crowns of the
lower dentition occlude inside the npper tooth
row, the longer dentary teeth having reception
pits between and mesial to maxillary teeth four
through cight.

The palatal fenestrac ol Bari darrowt, in ad-
dition ta their large size and distinctive shape.
invadce the maxillary palate anteriorly to the level
of the seventh maxillary toath (Figs 1C.2B). In
C. porosus the fenestrae extend only to the ninth
maxillary tooth. In this respect also, Bary is
similar to short-Taced crocodyline Osteolacmes
etraspiy and the cygually shari-faced al-
ligatorine, Paleosuchus trigonatus, 1t differs
from all living and most extinet erocodylids in
lacking anterior patatine processes, The course
of the maxillo-palatine is a wide chevron be-
tween the antcromedial margins of the palatal
lenestrae. The palathine bones are concive
medially to accommodate the long, posteriorly
witle palatal fenestrae, In contrast to C, porosus
but lihe C. novaeguinucae, the posterior margins
of the palatat fenestrae are formed mainly by the
prerygoids,

In keeping with the width of the back of the
cranium, the plerygoids arc broad. In laleral
raefile, the ectopterypoids arc longer and project
ventrally at a somewhat dillerent angle than in
C. porosus. The pusteroventral process of the
cctopterygoids appears to be slightly longer than
that uf C porosus ynd the anterior (palatal)
process is decidedly more robust. Overall dimen-
s:0ns of the holotype are given in Figs 3A-C.

Muandible. NTM P8681-14 comprises an al-
most complete left mandible Iucking only suran-
gular posterior to the external tenestra, the
coronod, and a shoit length of the dentary bear-
ing the third tooth. The first, sccond, fourth, tifth,
sixth, fourteenth and fiftcenth tecth arc
preserved. In general proportions the mandible
i slightly larger than that of an approximately
tour-metre-long C. parosus (NTM R13748). In
occlusal view (Fig. 4u) the symphysis ¢xtends
puosterianly ta just beyond the level of the sixth
tooth, 1n C, porosus it ends level with the filth
wuth, The angle between the axis of the man-
dibnliar ramus and the symphyseal plane is
similar to that of €. porosues. The lateral surface
of the mandible and the toath row are concave
laterally in cantrast to a gentle convexity in C.
porosus (Fig da), The caninifurm fourth tooth
andl its broad slveolus protrude laterally. NTM
PSoS1-14 shows @ slightly greater vartation in
alveolar size than C. porosus although the pat-
tern of tooth dif' ferentiation is basically the same.

A pronowiiced dilference in alveolus shape is
exhibited by the confluence of the tenth and
cleventh, whereas in C. porosus the alveoli ae
usually separated by hetween five and ten mil.
limetres of bone.

The greater degree of festooning in Baru
reflects the entargement of the caninifarm tourth
tooth and the laterally compressed tenth and
cleventh teeth. As in C. porosus, Baru his 3
conspicuous excavation on the lateral surface af
the dentary to accommodaic the upper fourth and
filth maxillary tecth (Fig. 4b),

The coronoid is not preserved on any specimen
nor are there any cxamples of a complete Meek-
clian fossa. Incomplete specimens indicate that
the Meckehan fossa was similar in size to €.
porosus. In the Bullock Creek specimen NTM
P87105-1. the long axis of the Mcchelian fossa
isaligned atarelatively high angle (¢, 25%) 1o the
inferior border of the mandibular ramus: in
Riversleiglispecimensand C. parosusitis neatly
parallel to the inferior border (Figs. 4b, 5c¢).

The lateral mandibulor ramus s more heavily
sculptured than that of C. porosus. ln NTM
PR779-2 and NTM PR7105-1, the sculptured
region on the angular and suranpular 1s
delincated from the adjacent smooth bone by a
prominentmargin, In C, parosus, the two surface
textures in this region grade into cach ather, The
external mandibular fenestra is narrower dor-
soventrally and the posterior upward infleetion
of the inferior border of the mandibular ramus is
greaterin Barudarrowi (Figs 4b, Sh-c). On NTM
PS6S8T-14, o SOmm wide longituding! sulcus
originates from a small faramen located ahont
45,0min from the last footh. A similar sulcus s
not cvident on any Cracadylus specimens in our
possession. A damaged articular is preserved on
NTM P8778-2 (Fig. 4b). It has a somcwht
longer anterior process entering the adductor
fossa than that ol C. porosus. thus providing
relahvely larger sutural cantact with the angula,

Sutural relations between the mandibular cle-
ments show only minor dilferences from those
of €. parosus. In NTM P87105-1 und NTM
P8778-2 the angular and surangular butt against
each other within the adducter fossa and ter-
minale anteporly high on the posteroventral
margin of the external fenestry. In C. porosus
they meet at a lap jolnt and the suture contacls
the external fenestra in the mid-region of the
posteroventral border,

VaRrianrry
On the basis of a limited selection of material,
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Baru darrowi has been described as a variable
species that existed over a considerable span of
geological time. The possibility that more than
one Baru species was present between
Riversleigh and Bullock Creek times has been
considered. At present, there is insufficient
evidence to support a specific scparation of the
two populations due to lack of information about
sexual dimorphism, ontogenetic changes and al-
lometry in these extinct crocodiles. By analogy
with living crocodiles, at least some observed
differences between the Riversleigh and Bullock
Creek specimens could be attributed to these
factors.

One of the more intriguing differences be-
tween the two populations is the absence of
serrations on thc carinae of thc teeth in the
Riversleigh Baru sample. Riversleigh Baru
specimens also have a more pointed premaxilla
when viewed from the dorsal aspect. This may
also relate to the apparently longer span between
the fourth and the first dentary teeth observed in
Riversleigh mandibles. While attempting to
reconstruct Baru for an illustration, one of us
(P.M.) was unable to match the length of the
Riversleigh symphysis to the Bullock Creek
premaxilla, although the remainder of the man-
dible seemed to fit reasonably well in terms of
size and shape. A single specimen of the dentary
symphysis from Bullock Creek is proportionally
shorter and fits the contours of the premaxilla of
the holotype. Differences in the angle of the long
axis of the mandibular fenestra to the inferior
border of the mandibular ramus are noted abovc.
Giventhecurrent state of resolution, we consider
the definition of a single chronospecies subsum-
ing these variations to be adequate for the time
being.

COMPARISONS WITH OTHER CROCODYLIDS

Wider comparison of Baru darrowi em-
phasises some of its more unusual features. This
comparison is unavoidably brief and incomplete
due to our limited comparative material, We
confine our observations to crocodilians which
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have certain obvious similarities to B. darrowi
either in terms of the dentition or cranial mor-
phology.

Living Crocodylids. Of living crocodylid
species, Baru darrowi most closely resembles
such broad-snouted forms as Osteolaemus
tetraspis among the crocodylines and
Paleosuchus trigonatus among the alligatorines
(Table 1). Similarities include the number of
maxillary teeth (13) and the size and position of
the palatal fenestrae (Table 3). Paleosuchus spp.
also possesses the alligatorine overbite which is
similar to the condition in B, darrowi. Some
caiman species have marked differences in tooth
size, festooning and large caniniforms, whereas
Osteolaemus tetraspis appears to have mildly
durophagous specialisations. Although the pala-
tal fenestrae of both forms are very large and end
at the level of the seventh maxillary tooth, as in
B. darrowi, they are differently shaped and have
somewhat different proportional contributions
to their margins from the surrounding palatal
complex. A conspicuous difference is the
presence in both living forms of a well defined
anterior palatine process, absent in B. darrowi.
These striking proportional similarities indicate
that a substantial portion of Baru’s rostral mor-
phology is trophically dedicated, derived and the
result of parallel evolution. Similar remarkable
parallel developments within various croco-
dilian lineages are discussed by Langston (1973).

The extent to which B. darrowi’s rostral
proportions differ from Crocodylus porosus
depends largely upon the state of maturity of the
specimens compared. The holotype is obviously
an adult and bears little resemblance to young
specimens of C. porosus. However, when com-
pared to a very large C. porosus, the width to
length proportions (Webb and Messel, 1978) of
Baru appear to differ very little (Fig. 6). This
brings us to the peculiar case of the ‘Lansdowne
snout’ (QM F1752), a Pliocene crocodile
rostrum recovered from Lansdowne Station,
Queensland. It was originally described as Pal-
limnarchus pollens (Longman, 1925) but was

FIG. 3. (A) Lateral view of Baru darrowi holotype NTM P8695-8 showing structures and dimensions. All
measurements in millimetres. Abbreviations: EC, ectopterygoid; JU, jugal; LAC, lachrymal; NA, nasal; PRF,
prefrontal; PT, pterygoid. (B) Dorsal view of the Baru darrowi holotype NTM P8695-8 showing structures
and dimensions. The two circular structures on the premaxilla are artefacts produced by the breaching of the
dorsal surface by the alveoli of the upper teeth. All measurements in millimetres. Abbreviations: AC, antorbital
crest; CN, canine notch; IS, jugal sulcus; JU, jugal; NC, nasal crest; PMS, premaxillo-maxillary suture; PO,
postorbital. (C) Ventral view of the Baru darrowiholotype NTM P8695-8 showing structures and dimensions.
Abbreviations: MPS, maxillo-palatine suture; PES, pterygoid-ectopterygoid suture; PMS, premaxillo-maxi-

llary suture; PPS, palatine-pterygoid suture.
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later assigned to C. porosus (Molnar, 1982). The
Lansdowne snout is proportionally shorter and
broader than that of the B. darrowi holotype. Its
ventral profile, moreover, closely resembles that
of B. darrowi in its exaggerated maxillary swell-
ings, short, broad premaxillary outline, its over-
bite, and, so far as can be determined from

MEMOIRS OF THE QUEENSALND MUSEUM

illustrations (viz Molnar, 1982; fig. 5), its large
and anteriorly positioned palatal fenestrac. Work
in preparation by one of us (P.W.) and Molnar
suggests that the Lansdowne snout should be
referred to Pallimnarchus after all, but perhaps
not P. pollens.

Fossil Crocodylines. In addition to its short

FIG. 4. Baru darrowi, NTM P8681-14, left mandible from ‘D-Site’, Riversleigh: (a) occlusal view; (b) lateral

view; (c) medial view.
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TABLE 3. Characiers of Baru darrowi and their distribution.

CHARACTER B C

~3

1. Procoelous vertebrae

2. Internal nares

3. Tooth enlargement sequence

4. Tooth notch

3. Lacrymal/nasal contact

6. Palalal fenestrae position
{Mx. tooth number)

7. Palatal process

8. Occlusion

9. Jugal ridge

10. Pseudoheteradonty

11, Festooning

12. Snout width

13. Snout depth

14. Tooth compression

15. Serrated carinae

16. Teeth inclined to posterior
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Key to species: A, Baru darrowi: B, Quinkana fortirastrum; C, Pallimnarchus pollens; D, Sebecus icaeor-
hinus: E. Pristichampsus varax, ¥, Crocadylus parasus; G, Alligatar mississippiensis; H, Paleosuchus
oshorni: 1, Ostealaemus tetraspis; 1, Brachvuranochampsa eversolei. Key 10 character states: a, absent; al,
alligatorine; b, brouad; ¢, crocodyline; d, deep: i, interlocking; |, low; m, moderately narrow; md, moderaltely
deep; n. narrow; o, overbite: p, present; Pi, pretygoid only; Pt/P, palatine and pterygoid contact. Interpretations
from the following sources: A, B, C, F and G from specimens; D from Colbert (1946); E from Langston
{1975); Hand I from Mook (1921); J from Zangerl (1944}; ali interpretations werte compared and completed

from Molnar (1981).

snoul, Baru darrowi has a distinctive broadly
triangular cranium, great width of the jupals
lateral to the orbits, elongation of the inferior
temporal fenestra, large triangular palatal
fenestrac that constrict the palatines posteriorly,
absence of the anterior palatine processes and the
elliptical shape of the nasal bones.
Crocodylines with similar features were
widespread in North America in the early Ter-
tiary. One of the best preserved of these
crocodilians is Brachyuranochampsa eversolei
Zangerl, 1944, from the Washakie Eocene of
Wyoming, U.S.A. Like Baru, Brachyurano-
champsa combines the presence of a crocodyline
notch for the fourth dentary tooth with an al-
ligatorine-like overbite denoted by a series of
rcception pits medial to the upper tooth row,
Although Brachyuranochampsa is a moderately
narrow-snouted crocodyline (Table 1) it is
heterodont and the alveoli are closely ap-
proximated. The jugals are broad and everted,
nasals are elliptical, inferior temporal fenestra
are large, the quadrates and quadratojugals are
broad. The nasal aperture, although damaged
anteriofly appears to have been terminal or near-

ly so and trapezoidal in shape, like that of Baru,
in contrast to the elliptical nares of Crocodylus
spp. The palatal structure resembles Baru in its
lack of an anterior palatine process and large,
triangular palatal fenestrae and palatines that
narrow posteriorly rather than widen as in
Crocodylus. However, unlike Baru its dentition
is not ziphodont and fourteen rather than thirteen
maxillary teeth are present. The palatal fenestrae
extend anteriorly only to a level between the
eighth and ninth maxillary teeth. This is consis-
tent with the observation that short-snouted
crocodylines have more anteriorly-positioned
palatal fenestrae. With our present state of
knowledge it would be imprudent to force Baru
into a phyletic relationship with this particular
American genus, which may be expressing a
symplesiomorphic character complex widely
distributed among primitive early Tertiary
crocodylines. However, given the dearth of other
living and fossil forms that lack the anterior
palatine processes combined with the broad
similarities previously mentioned, the likelihood
of an entirely parallel development of these fea-
tures seems fairly remote,
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FIG. 6. Comparison of the lateral profiles of the skulls of (A) Baru darrowi and (B) an extant saltwater crocodile,
Crocodylus porosus, of approximately the same length. Among the contrasts with Crocodylus porosus, Baru
posses deeper jaws with correspondingly exaggerated festoons, more anteriorly situated external nares, a
conspicuous jugal crest and posteriorly slanted psendoheterodont tceth. These features reflect significant
differences in the manner of dispatching, and perhaps in its preference of, prey animals.

Sebecosuchian Ziphodonts. Although clearly
eusuchian, Baru is compared to sebecosuchian
crocodiles because of its convergent ziphodont
features. With the exception of its laterally com-
pressed, serrated dentition, Sebecus shows few

similarities with Baru. This is of some impor-
tance because the concept of ziphodonty is often
broadened to imply a specialised terrestrial
predatory complex. The laterally directed orbits,
high, narrow, convex snout profile and modifica-
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FIG 7. Scatter diagram showing tooth eompression in various erocodilians. This shows the teethof Baru durrowt
10 be more compressed than those of Crocodylus porosus and Alligator mississippiensis but not as compressed
as in the ziphodont forms Pristichampsus rollinati, Sebecus icaeorhinus and Sebecus sp. Measurements for
ziphodont forms from Langston (1956). Measurements for C. porosus and A. mississippiensis from unnum-
bered specimens in the Australian Museum reptile collection.

tions of the trochlear surface of the quadrate in
relation to specialised jaw mechanics (Colbert,
1946; Langston, 1973) suggest that Sebecus was
an active predaceous carmivore capable of purs-
ing prey on land. Although the depth of Baru's
snout appears to most closely approach that of
Sebects (Table 1) this is a somewhat misleading
comparison because the convention of measur-
ing the depth of the snout at the level of the fifth
tooth includes the marked alveolar festoon. The
proportions of the snouts of the two forms are
actually very different; that of Sebecus is high
and narrow and virtually triangular in section.
Baru's snout has a broad-based trapezoidal
cross-section and is short and broad. Its lateral
profile is strongly concave as opposed to the

convex, narrow bridge of Sebecus. More impor-
tantly , however, is the typical crocodyline dorsal
oricntation of Baru's orbits and its nares being
sufficiently elevated, despite their terminal posi-
tion, to allow the head to lie cryptically sub-
merged.

Pristichampsine Ziphodonts. Baru darrowi
shows a greater degree of overall similanty with
the early Tertiary Eurasian eusuchian ziphodents
of the subfamily Pristichampsinae than to the
sebecosuchians. However, Pristichampsine
crocodiles, known from several species of the
genus Pristichampsus, are strikingly convergent
with the sebecosuchians, not only in their pos-
session of double-serrated and compressed teeth,
but in the lateral position of the orbits, the narrow
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of characters; some ziphodont features (imply-
ing a terrestrial or semi-terrestrial predaceous
cxistence) others unique and a fuw, very specific
and rather compelling features, suggestive of a
close relationship with Baru.

To date, specimens of Pallimnarchus pollens
have been (ragments and no complete skulls are
known (Molnar, 1982). However, nearly com-
plete snouts 1cterable to Pallimnarchus have
recently become available for study (Willis and
Molnar, in prep.). This more complele material
reveals that Patlimrarchus has anteriorly located
palatal fencstrae (unterior level with [he seventh
alveoli) and lack anterior palatine processes,
Teeth referred to Pullimnarcius (Molnur, 1982)
are distinguished by serrate carinac on a broadly
conical form. A more complete comparison with
Burw will have to wait until the new Pallimnar-
chus material is properly described.

We sre unable to fully support the hypothesis
that the three known Australian cndemic
crocodiles represent 8 monophyletic group be-
cause ol limited comparative material and in-
complete fossils. There is, however, sufficient
evidence o indicute that thisis a solid alternative
10 the notion of sebecosuchian and/or pris-
tichampsine ancestry of the group. The passible
relationship between these [orms are considered
in the following scction.

CHARACTER ANALYSIS

The following cxaminatinn nf crooodilian
character states is based on Molnar (1981),
Norell(1Y89) and Benton and Clark { 1988). Mol-
nar uscd character frequency to delermine char-
acter polaritics where as Benton and Clark, and
Norell, used the outgroup method proposed by
Maddison ¢ al. (1984). We have accepted the
polarity of characters as delermined by Molnar,
Benton and Clark, and Norell. The polarity of
new characters intraduced into this study have
teen determined by their distribution among the
ten taxa indicated to Tuble 3.

SLUBORDINAL CHARACTERS

1) Proceolous vertebrae have been found with
specimens attributed 1o 8. darrowi. No am-
phicoclous vertebrae are known lrom deposits
from which B. darrowi has been found. It is
therefore a reasonable assumption that Baru had
proceolous vertebrae, which is recognised as a
cusuchian character (Steel, 1973: Kuhn, 1968).
Benton and Clark (1988) recognise proceolous
vertebrae as an apomorphy of a group that in-
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cludes Eusuchia and an undescribed early
Cretaceous cracodile from North America.

2) The movement of the internal narcs
posteriorly in advanced crocodiles was recog-
niscd by Huxley (1875). The intcrnal nares are
completely surrounded by the pterygoids in
Buru, This is regarded as a eusuchian character
stute (Steel, 1973; Kuhn, 1968; Benton and
Clark, 1988),

SUBFAMILIAL CHARACTERS

3) The pattern of tooth enlargement in the
crocodilian skull has been used to distinguish
members of the Alligatorinae from the
Crocadylinae (e.g. Steel, 1973). In alligatorines
the Tourth maxillary tooth is usually the largest;
in crocodylines il is the fifth. In Baru the filth
tooth is largest,

4) The presence of a noteh between the
premaxilla and maxilla can be used to distin-
euish alligatorines from other crocodilians
(Steel, 1973). In crocodiliuns the fourth dentary
tooth fits into this notch when the jaws arc
closed. In alligatorines this tooth usually fits into
a pit in the palate medial lo the upper looth row,
Baru canforms to the plesiomorphic condition.

3) In Alligator and many fossi) alligatorines the
lachrymal is separated from the nasal bone by the
maxille (a derived condition), whereds in
crocodylines and the caimanoid alligatorines the
lachrymal contacts the nasals, This may also be
expressed as the prefrontals lacking any cenlact
with the maxilla in crocodylines. Barux is
crocodyline in this respect,

FEATURES OF AUSTRALIAN FORMS

6) Baru, Quinkana and Pallimnarchus have
large anteriorly placed palatal fenestrae. This
condition appears to be part of a {functional com-
plex related to short, broad snouts,

7) Most crocodiles possess an antcrior palatine
process. Buru, Quukana and Pallimnarchus
lack this process. The only other cusuchian
crocediles for which deseriptions are available
that lack these structures are those of the
American Eocence genus Brachyuranochampsa.
This is 3 moderalely narrow snouted form with
more posteriorly situated palatal fenestrae.
Therefore it sppears that the lack of the anterior
palatine processes is independent of the position
of the palatal fencstrac.

8) Molnar (1981) determined interlocking
teeth to be a derived crocodilian state. Hawever,
Norell (1989) determined that an overbite, as
seen in Baru and Quinkana, is the derived state,
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Norell's determinalion is accepted here because
of his usc of the outgroup method of Maddison
ctal. (1984).

9) The conspicuous jugul ridge observed in
Daru appears to be an unique feature among
crocodiles. Its presenice in Baru is laken 1o be
autapomorphic.

ZiPRODONT CHARACTERS

10) Molnar (1981) considers highly differen-
tialed crocodyline dentitions to be plesiomorphic
and more uniform dentitions of longirostiine and
ziphodent crocodiles to be derived.

11) Festooning is a plesiomorphic feature. The
derived condition is astraight toothrow (Molnar,
1981). Thesc conditions arc clearly associated
with the degree of size differenuation of the
dentition.

12) Extremely narrow snouted eusuchians are
derived. Moderately narrow to moderately broad
snouts arc plesiomorphic. Extremcly hroad,
short snouts arc also derived (Molnar, 1981).
Quinkana and Baru aiec unusual ziphodonis in
having short, broad snouts. Prirosaurus
(Gaspanini, 1982) appears to be a ziphodont with
a modcratcly broad or broad snout.

13) According to Molnar's classilication,
ziphodont crocodilians have deep to moderately
deep snouts. He proposes that this is a derived
state. Both Baru and Quinkana have moderalely
deep snouts. The plesiomorphic condition is
low snout ferm.

14) Laterally compressed teeth are considered
te be derived. The plesiomorphic conditiun is a
tooth of circular or broadly oval cross section.
The teeth of Quinkana ate decidedly compiessed
whereas those of Baru retain the plesiomorphic
conical shape towards the basc, becoming
progressively flattened on the lingual side
towards the tip of the crown,

15) Scrrations arc not known to pocur on any
round conical crocodilian teeth (with the excep-
tion of somc tccth attributed to Pallimnarchus,
Muolnar, 1982), they are invanably associated
with some degree of transverse compression of
the crown. Laterally compressed teeth with scr-
rated cdges are termed ziphodont. The ziphodont
condition is a derived character state.

16) Posterior inclination of the teeth appears to
be an unusual feature in crocodilians. The con-
dition may be present in the sebecosuchian
Baurusuchus and pcrhaps to some extent in Pris-
tichampsus. The condition is probably a derved
one,
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Discussion

The most complete cladistic analysis of the
Crocodilia is that of Benton and Clark (1988).
They left the crocodylids (including gavials, al-
ligators and crocodylines) as an unresolved
crown group. Norell (1989) analvsed this crown
group based on twelve characters and defined the
relationship between the gavialinae, crocodylids
and alligatorids. Unfortunately, Norell's work
was published after this paper had been reviewed
and his characters have not been fully incor-
porated in this analysis. However, Baru has all
three apomorphies that Norell has used to
separate crocodylids from gavials and alligators,

Baru retains many plesiomorphic crocodyline
features. Its principle derivations are related w0 a
specialised trophic complex which involves
some elements of the so~-called ziphodont condi-
tion. As is often the case with ancient surviving
groups. Lthey are exceptionally conservative in
their basic morphology and many lineages have
paralleled and converged in their trophic
mechanisms. It is under these circumstances that
the phylogenctic methadology becomes severe-
ly strained. Most apomorphic fcatures are dedi-
cated to trophic adaptations and the field of
relevant character states (discrete or exclusive
characters independent of functional require-
ments) are few and difficult to substantiate. In
terms of phylogenetics, thercfore, we are con-
fined to a single possible synapomorphy. the
absence of the anterior palatine process, in unit-
ing the Lhree extinct Australiun genera under
consideration. Ziphodont teeth have evalved
convergently and in parallel, and anteriorly
placed palatal fenestrae have cvolved inde-
pendently in the caiman and Osteolacmus, We
are unable to verify the uniguencss of the
similarity of the internal rostzal partitioning in
Bara and Quinkana al this time duc to lack of the
necessary specimens, The absence of the
anterior palaline processes appears to be the least
trophically related apormorphic character uniting
Baru. Quinkana and Paliimnarchus with another
group (e.g. Brachyuranockampsa). We consider
this possible relationship to be a more pa-
simoniouws ane than basing a relationship with
the Pristichampsinae, on the assumption that the
anterior palatine process was lost in parallel.

The ingroupinterrelationship of Bary, Pullim-
narchus and Quinkana arc little closer to resoly-
tion. Beru and Pallinviarchus are more
plesiomorphic than Quinkana according to the
character polarities used here. However. Pallim-
narchus is not sufficiently well knowp 1o deter-
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mine its phyletic position relative to Baru. 1t
appears, however, thst Bare durrowi is 100
spectaliseil 10 have given cise to Quinkana. We
are therefore upable to build 4 ennnecied se-
guence snd must assume that another clade for
which we have no infarmation is involved.

PALAEOBIOLOGY

A detailed functional analysis of Baru's
cramal anatbmy must preclude any definite con-
clusions as 1o 1he nature of its trophic specialisa-
lons. However, s distinctive dentition and
tobust proportions justily same speeulation pn
the nature of its habits.

The prominent upper and lower festonns bear-
ing farge, posteriorly-directed and closely
spaced weth constitute @ speciulised cleaver-like
biting mechanism, designed to deliver un inme-
dinte incapacitating. blow 10 its prey. The upper
and lower festoons and their dentiions comple-
ment one another s oas iy produce a fulerum
shove which the lower caniniforms drive into the
prey The resultant is o combined shearing and
tissue defnrming (tearing and breaking) action
capable of breaching tough, Texible material
(thick hides, as well as more durable materials
suck as armoured skin and perhaps bony
carupuaces). Because of the fulcrum-like struc-
fore of the interposed maxillary Testoon, tissues
are stretehed against and severely Jdeformed by
atriangle nfforees. The Large posteriorly-angled
feeth testritin tie prey-object during the carly
phuses ol juw closure, when resultant forces
exerted by the jaw tend to drive the object for-
wand,

The purpose of the sertations im Buru appears
W be wseenndary refincment in whieh the strug-
gling movemenys uf the prey combined with
small movements of the jaws and perhaps ¢qual-
ly importantty, elcvation and depression of the
head at the eraniocervical joint can continue o
sever tissues in the grasping period during which
the addugted jaws are restricted in their move-
ment,

HBaru's dental specralisatinns are therefore in-
terpreted us o mechanism for rapid immohi-
lisation of relatively large prey. Judging from the
dimensions of the wype, Baru was capable of
hlling animals up to 300 kg in weight based on
snalogaus feals by the saltwater crocodile, Bary
would therefore have been a likely predatur of
mammals and other large crocodiles, 4s its dental
complex and powerful adductor mass was
cupable ol breaching armourcd hides.
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The remains of Buru are consistently as-
sociated with fluvio-lacustrine sediments. [Ls
short, broad heavy cranium andd the morphology
of its atlas-axis complex indicate that it had no
greater head mobility thun C. porosus, which
would have limited an active terrestrial predator.,
Unlike sebeensochians, pristichampsines and
Australia’s ziphodont Quinkana. Baru has dor-
sally nrivnted urbits like aquatic crocodiles
which spend the muyjonty of their lives partially
submerged, We conclude that Bare was an
aguatic crocodile adapted to shallow, infand
Ireshwater lakes and small streams in which the
sultwater crocodile habit of dragging its larger
prey into deep wuter may not huve heen possible
Inshallow water and narrow streams the prey has
an opporlunity 10 coninue to slruggle, whereas
the sattwater crocodile is often able to releasc its
half-drowned prey to effect a new grasp. Buru
probably ambushed large mammals from the
edge of streams and shallow lakes relying on its
powerful bite to incapucilite its prey through
shock-inducing trauma, i Barwere a werrestrial
or semi-terrestrial form, the risky and cnergy-
consuming action of immediately immabilising
its prey would he unnecessary. Large terrestrial
reptiles, best known fmm the swudies of the
Komado Dragon by Auffenberg (1982), initially
injure lurge prey by hamstringing it rom behind,
then follow ituntil inexpires from exhaustion and
hleeding. This patiern appears nore sppropriate
10 specics of Pristichampsus and Quinkana.

The postulated predatory behaviour of Baru is
oo specialised to suggest a preadaptation to
terrestrality fur Quinkana, However, terrestrial
predaton in crocodiles probably had its roots in
behaviour in which prey was ambushied from the
water, then followed onfo the lund.

CONCLUSIONS

Funcuonal complexes reflecting trophicadup-
tations, superimposed on a general morphologi-
cul ennscrvatism have produced numerous
convergences within the Crocadilia Conse-
quently, tusonnmic relationships dre difficult to
mnravel,

The contnibution of the pterygoids to the
sccondary palute, posterior intra-piery goidal
positiun of the internal wares, confluent externyl
nares, subdermal postorbital bar, small superior
temporal fenestra, well developed mandibular
fenestra and associated proceolous, keeled cer-
vicat vertebrae (NTM P9778) place Baru in the
Eusuchia, Family Crocodylidac (sensu Romer,
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1956). The diagnostic enlarged fifth maxillary
tooth and the lateral notch at Lthe maxillo-
premaxitlary suture to accommodate the fourth
mandibular tooth align Baru with 1he
Crocodylinae.

Baru sharcs a number of character stites with
1w other Austrslian endemic fossil genera, Its
incipient ziphodonty, broad snout. presence of a
similar arrangement of the internal partition of
the maxilla and similar palatal proportions may
support @ phylogenctic relationship with
Quinkana and Pallimnarchus. The absence of
the anterior palutine process in ull three of these
genera may link them to the Eocene North
Amecrican taxon Brachyuranochampsa, snd dis-
tinguishes the Australian crocodiles from the
pristichampsine ziphoduonts.

In Baru, the shorter, wider and decpes rostrum,
hypertrophied festooning. greatly differentiated
tooth size und laterally compressed serrated tecth
arc a functionally related complex and as such
are not reliable taxonomic indicators. Ziphodont
teeth have evolved independently in several
crocodilian lineages and have been associated
with highly specialised, perhaps terrestrial
predatory habits. Adaptations apparently suited
10 3 terrestrial predatory mode include a convex
deep, dorsal snout profile and dorsolaterally
directed orbits and external nares. In contrast,
Raru has elevated premaxiliae, high anterodor-
sal placement of the external nares, concave
dorsal snout profile and dorsally oricnted orbits.
These features indicate that Barue was an aquatic
crocodile.
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